Clinical studies Indicate that levels of apolipoprotein A-l (apo A-l), the major protein moiety of the high density lipoprotein (HDL) particle, may provide more Information concerning the risk of future cardiovascular disease than do levels of HDL cholesterol (HDL-C). Therefore, the relationship of HDL-C to apo A-l levels was examined In a blraclal sample of 2849 5-to 17-year-olds. The mean HDL-C to apo A-l ratio, a measure of HDL composition, was 0.42. However, marked Interindlvldual variation was found: HDL-C/apo A-l levels varied from 0.27 (10th percent!le) to 0.57 (90th percentlle). Furthermore, only 26% of the variation In HDL-C levels was explained by concomitant variation In apo A-l. Increasing levels of trlglycerlde (and very low density lipoprotein cholesterol) were related to decreases In both the HDL-C/apo A-l ratio and the magnitude of the correlation between HDL-C and apo AH. Low density lipoprotein cholesterol, race, and age were also related to the HDL-C/apo A-l ratio, but Influenced HDL composition less strongly than did trlglycerlde levels. These observations may be explained by the bidirectional transfer of cholesteryl esters and trlglycerldes between HDL and triglyceride-rlch llpoprotelns. The current study documents the Influence of trlglyceride levels on HDL composition in a general population of children and adolescents, and emphasizes the Interrelationships between the various llpld and lipoprotein fractions. (Arteriosclerosis 7:347-353, July/August 1987)
levated levels of cholesterol In the high density lipoprotein (HDL) fraction are inversely related independently of other serum lipoprotein cholesterol fractions to the extent of atherosclerosis and incidence of cardiovascular disease.
1^* Apolipoprotein A-l (apo A-l), the principal protein moiety of HDL, is also inversely associated with angiographically documented coronary artery disease, 5 " 6 and decreased levels of apo A-l have been found in first-degree relatives of persons with cardiovascular disease. 9 ' 1 0 '" Although there is opposing evidence, 12 levels of apo A-l probably provide additional information, as compared with HDL cholesterol (HDL-C), concerning the risk of future cardiovascular disease. 58 " 1113 " 15 Differences in the relationship of cardiovascular disease to levels of HDL-C and apo A-l may be due to variation in HDL structure and composition. HDL particles are derived, in part, from the lipolysis of triglyceride-rich lipoproteins.
However, decreased amounts of cholesteryl ester are seen in the HDL core in the presence of elevated plasma triglyceride levels 17 ' 18 ' 19 possibly due to the bidirectional transfer of triglycerides and cholesteryl esters between lipoprotein fractions. Levels of both triglyceride and very low density lipoprotein cholesterol (VLDL-C) are inversely related to HDL-C levels, 20 ' zy22 whereas only weak associations between levels of serum triglyceride and apo A-l have been observed. 23 ' 24 Therefore, although only limited population data are available, 242526 a less than perfect correlation between levels of HDL-C and apo A-l might be expected.
The purpose of the current study was to quantify the variability in levels of HDL-C and apo A-l in a biracial (black-white) sample of 2849 5-to 17-year-olds. Previous analyses of apo A-l levels in this population have examined race, sex, and age differences 23 and compared the relationships of offspring levels of HDL-C and apo A-l to parental histories of cardiovascular disease. 11 The present study describes the joint distribution of HDL-C and apo A-l and contrasts their relationships with other serum lipids and lipoproteins, especially triglyceride. Factors that influence HDL composition are also identified. Five cross-sectional examinations of school-aged children have been conducted in Bogalusa since 1973, and data collected from 3312 5-to 17-year-olds in the fourth (1981 -1982) examination are used in the current analyses. The overall participation rate was 80.2%. 28 Nonfasting participants (n = 391, 11.8%) and children with any missing lipid, lipoprotein cholesterol, or apolipoprotein determinations (n = 72, 2.5%) were excluded from the analyses, yielding a final sample size of 2849 children and adolescents. (Nonfasting participants, however, were used to assess the influence of postprandial lipemia on levels of HDL-C and apo A-l.)
General Examinations
Children fasted for 12 hours before examination, and compliance was determined from an interview with the child. As previously described, 28 the examination procedure included venipuncture, a menstrual history interview, anthropometric measurements, a physical examination, nine blood pressure measurements, and questionnaires concerning smoking and alcohol use.
Levels of serum total cholesterol and triglyceride were measured with an AutoAnalyzer II using protocols developed by the Lipid Research Clinics. 29 (The Core Lipid Laboratory has been standardized by the Centers for Disease Control in Atlanta, and is monitored by a surveillance program.) Serum lipoprotein cholesterol fractions were analyzed by a combination of heparin-calcium precipitation and agar-agarose gel electrophoresis. 20 ' ^ Levels of apo A-l in whole serum were assayed by the electroimmunoassay procedure of Laurell 31 as previously reported."
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A 10% random sample of the participants was selected daily to assess the reproducibility of all laboratory analyses. Intraclass correlation coefficients for the serum lipids and lipoprotein cholesterol fractions, based on 377 pairs of blind duplicate determinations, ranged from 0.89 (HDL-C) to 0.99 (triglyceride). The reproducibility of apo A-l measurements was 0.84.
Statistical Methods
The mean levels of HDL-C and apo A-l were plotted by age for each race and sex group. The mean levels and selected percentiles (10th, 50th, and 90th) of the HDL-C/apo A-l ratio were then calculated for each race, sex, and age group (5 to 9,10 to 14, and 15 to 17 years of age). Levels of HDL-C and apo A-l were cross-tabulated, and the number of children within each cell were calculated. Pearson correlation coefficients (and corresponding linear regression analyses) were used to describe the relationship of HDL-C levels to apo A-l within each race, sex, and age group. (Spearman correlations yielded almost identical results.) Differences among the correlation coefficients were tested for statistical significance after applying Fisher's Z-transformation. 32 These transformed correlation coefficients were also used in weighted least squares regression (weighted according to the inverse of the variance, N-3) to assess the linear trends in the magnitudes of the correlations according to age and triglyceride level (see below).
The associations of HDL-C, apo A-l, and the HDL-C/apo A-l ratio with the other lipids and lipoprotein cholesterol classes were also assessed using Pearson correlation coefficients. In addition, the association between levels of HDL-C and apo A-l was also evaluated within categories defined by serum triglyceride levels. Significant predictors of HDL-C/apo A-l levels were identified using a backward elimination procedure; the initial independent variables included race, sex, age, and the other serum lipids and lipoprotein cholesterol fractions. Standardized regression coefficients, expressing the predicted change (in standard deviation units) in HDL-C/apo A-l from a one-standard deviation change in the independent variables, were calculated. Values are mean (median) ± standard deviation. TC = serum total cholesterol; LDL-C = low density lipoprotein cholesterol; TG = serum triglycerldes; VLDL-C = very low density lipoprotein cholesterol.
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Results
The mean levels of HDL-C and apo A-l according to race, sex, and age are shown in Figure 1 . In general, blacks had elevated levels of HDL-C as compared with whites, but these racial differences increased with age in boys and decreased with age among girls. Black-white differences in apo A-l levels were seen only in boys. Malefemale differences In levels of both HDL-C and apo A-l showed an interaction (crossover) with age. Whereas younger (< 13 years of age) boys had higher levels than did girls, the mean levels of both HDL components in older children were either higher in females (whites) or showed no male-female difference (blacks). The levels of HDL-C and apo A-l were most strongly associated with age in white males: as compared with 5-to 9-year-olds, mean HDL-C and apo A-l levels were 13 mg/dl (21 %) and 9 mg/dl (6%) lower, respectively, in the 15-to 17-year-olds.
Although previously reported, 33 the mean levels of se- Table 1 as background information. Whites had higher mean levels of triglyceride and VLDL-C as compared with blacks, opposite to the racial differences observed for HDL-C and apo A-l. In addition, white males showed the strongest association between age and levels of both triglyceride and VLDL-C. The median levels of these two variables in 15-to 17-year-old white males were 18 mg/dl (34%) and 6 mg/dl (150%) higher, respectively, than were levels in 5-to 9-year-olds. The HDL-C/apo A-l ratio, a measure of HDL composition, showed marked between-person variation: the 10th, 50th, and 90th percentiles were 0.27, 0.43, and 0.57, respectively (Table 2) . Differences according to race, sex, and age were also observed. The 5-to 9-year-old white boys had higher HDL-C/apo A-l levels than did similarly aged white females, and 10-to 14-year-old blacks had higher levels than did whites. Furthermore, the proportion- 
All values are percent of total sample (n = 2849). Because of rounding, table entries do not sum exactly to totals. ately larger decrease in levels of HDL-C with age in white males, as compared with apo A-l (21 % vs. 6%), resulted in low HDL-C/apo A-l levels in 15-to 17-year-old white males. Smaller decreases with age were observed in blacks, but white females showed no consistent relationship between HDL-C/apo A-l and age.
The levels of HDL-C and apo A-l are cross-tabulated in Table 3 . Within each cell is the percentage of the 2849 children having that particular combination of levels of HDL-C (indicated on the left) and apo A-l (indicated at the top). A clustering around the mean levels of both variables (60 mg/dl, HDL-C; 141 mg/dl, apo A-l) was observed, with almost one-half of the children having HDL-C levels ranging from 40 to 79 mg/dl and apo A-l levels ranging from 120 to 159 mg/dl. However, there was much variation in the joint distribution of HDL-C and apo A-l levels. For example, children with HDL-C levels between 40 and 59 mg/dl had corresponding apo A-l levels ranging from below 100 mg/dl (n = 32) to over 180 mg/dl (n = 6). Further crosstabulations indicated that 1% (n = 27) of the children had HDL-C levels above the 80th percentile and apo A-l levels below the 20th percentile (data not shown).
As assessed by linear regression, the correlation between apo A-l levels and HDL-C was 0.51 (Table 4) . (The addition of squared and cubed apo A-l terms did not improve the prediction of HDL-C.) In general, a 1 mg/dl increase in apo A-l was associated with a 0.49 mg/dl predicted increase in HDL-C. Although there were only small differences in the association between levels of apo A-l and HDL-C among the race-sex groups, the magnitude of the association tended to increase with age (p = 0.06). Apo A-l levels accounted for only 23% (0.48 2 ) of the variation in HDL-C levels among 5-to 9-year-olds, whereas 38% of the variation in HDL-C could be explained by apo A-l levels in 15-to 17-year-olds. These age-related increases in the association between HDL-C and apo A-l levels paralleled decreases in the HDL-C/apo A-l ratio with age ( Table 2) .
The associations of HDL-C, apo A-l, and HDL-C/apo A-l with various lipids and lipoprotein cholesterol fractions are shown in Figure 2 . (With the exception of the correlation between apo A-l and LDL-C, all correlation coefficients are statistically significant at the 0.001 level.) As compared with apo A-l, HDL-C showed stronger negative associations with LDL-C (r= -0.30 vs. 0.04), serum triglycerides(-0.52vs. -0.09), and VLDL-C (-0.60 vs. -0.12). These differing associations were reflected in the associations with HDL-C/apo A-l: levels of both triglyceride and VLDL-C were strongly (inversely) related to this ratio. The HDL-C/apo A-l ratio was inversely related to levels of both triglyceride and VLDL-C in all race-sex groups, even though the (inverse) associations of HDL-C with both triglyceride and VLDL-C were stronger in whites than in blacks (data not shown).
The influence of serum triglyceride levels, which ranged from 21 to 492 mg/dl (median = 56 mg/dl), on HDL composition is shown graphically in Figure 3 . The overall correlation between HDL-C and apo A-l decreased from 0.77 at low (20 to 29 mg/dl) triglyceride levels to 0.43 at high (s 100 mg/dl) triglyceride levels; this decreasing linear relationship was statistically significant (p = 0.01). Also All variables were independently related to HDL-C/apo A-l at the 0.001 level.
'Estimated from partial coefficients.
shown in Figure 3 are mean levels of both HDL-C and apo A-l. As triglyceride levels increased from <30 mg/dl tô 100 mg/dl, reductions in HDL-C levels (from 71 to 33 mg/dl, a 54% decrease) were more striking than were reductions in mean levels of apo A-l (from 150 to 137 mg/dl, a 9% decrease). A backward elimination procedure was then used to identify a subset of predictor variables that were all (independently) related to the HDL-C/apo A-l ratio. The four variables shown in Table 5 accounted for 35% of the variation in levels of HDL-C/apo A-l, with levels of triglyceride alone accounting for most of this variability. Increases in triglyceride, LDL-C, and age were all associated with a decrease in the HDL-C/apo A-l ratio. Furthermore, as compared with whites, blacks had elevated levels of this ratio, irrespective of differences in the other variables. (Because levels of triglyceride and VLDL-C were highly correlated (r= 0.84), VLDL-C levels were not included in the regression model.)
Discussion
Marked interindividual variation exists in the composition of HDL particles. In the current study of children and adolescents, the ratio of HDL-C to apo A-l varied from approximately 1:4 to 1 -2 between the 10th and 90th percentiles, with only 26% of the variation in HDL-C levels explainable by concomitant variation in levels of apo A-l. Increasing levels of triglyceride (and VLDL-C) were related to: 1) decreases in the HDL-C/apo A-l ratio, and 2) decreases in the magnitude of the correlation between HDL-C and apo A-l. LDL-C, race, and age were also related to HDL-C/apo A-l levels, but these factors were less important in influencing HDL composition than were levels of triglyceride or VLDL-C.
Abnormal HDL composition has been observed in hypertriglyceridemic patients, 34 and changes in core and surface constituents of HDL particles (decreases in cholesteryl ester relative to apo A-l) have been related to increasing plasma triglyceride levels in adults. However, several of these studies examined HDL composition in nonrandomly selected persons, including patients with noninsulin-dependent diabetes 18 and various lipoprotein disorders. 19 For example, although Deckelbaum et al. 19 reported a strong inverse correlation (r= -0.58) between plasma triglyceride levels and the ratio of cholesteryl ester to protein in the HDL particle, levels of plasma triglyceride ranged from 31 to 2820 mg/dl. The current study documents an almost identical, inverse association in a free-living population of children and adolescents with a median triglyceride level of 56 mg/dl.
Alterations in HDL composition may be mediated by plasma proteins, which transfer triglyceride from VLDL to HDL (and transfer cholesteryl ester in the opposite direction) in response to an expanded pool of triglyceride-rich lipoproteins. 19 -M In vitro, HDL particles can be modified by incubation with high levels of VLDL and transfer proteins toward smaller (and denser), triglyceride-enriched particles containing decreased amounts of cholesteryl ester. 18 plasma triglyceride levels have been positively related to levels of HDL triglyceride. 19 ' ^ a It is likely that VLDL triglyceride would have been even more strongly (inversely) related to levels of HDL-C in the current study than were levels of serum triglyceride (which includes triglyceride in all lipoprotein fractions).
In contrast to the transfer of lipids between lipoprotein particles, apo A-l is not redistributed by the transfer process. 19 Therefore, increased triglyceride levels result in a proportionately larger decrease in cholesterol, as compared with protein, in HDL particles. Schonfeld and Pfleger 38 have described hypertriglyceridemic adults who have normal apo A-l levels, and only weak correlations between levels of triglyceride and apo A-l have been reported by others. The differing relationships of HDL-C and apo A-l with triglyceride levels may explain the only moderate (r= 0.51), currently observed correlation between HDL-C and apo A-l levels. Comparable associations have been reported in adults, 5 ' 13 -24 ' Mi M i ^ *° although many of these studies examined persons with clinical cardiovascular disease. Tyroler et al. 24 reported correlations between HDL-C and apo A-l ranging from 0.35 (white females) to 0.44 (black males) in a free-living sample of 318 adults. Stronger correlations ranging up to r = 0.85 have been reported in other randomly selected samples of adults. 25 '
x Variability in the relationship between HDL-C and apo A-l may reflect interindividual differences in the relative proportions of HDL 2 -C and HDL 3 -C: HDL 2 carries about twice as much cholesteryl ester per mole of apo A-l as does HDL 3 . 16 Although neither HDL-C nor apo A-l levels were measured with perfect reproducibility in the current study, the observed correlation (r= 0.51) is substantially lower than the two intraclass correlation coefficients of 0.89 and 0.84, respectively. (The reproducibility of the HDL-C/apo A-l ratio in the present study was 0.80.) In addition, variations in levels of both HDL-C and apo A-l may reflect physiologic differences: Patsch et al. 41 have shown that levels of both HDL-C and apo A-l are inversely related to the magnitude of postprandial lipemia, and that physical exercise may lead to improved fat tolerance. (The 391 nonfasting participants in the current study had decreased levels of both HDL-C ( -2 mg/dl) and apo A-l ( -1 mg/dl) as compared to fasting subjects, but showed a similar correlation between HDL-C and apo A-l.) Unfortunately, no information on the stability of the HDL-C/apo A-l ratio is available from the current cross-sectional analyses.
Nevertheless, the current study demonstrates that, even in a general population of children, HDL-C measurements do not accurately reflect plasma levels of HDL in the presence of elevated plasma triglyceride levels. This may be important in evaluating lipoprotein levels in early life; the ratio HDL-C/(LDL-C + VLDL-C) has been shown to be negatively related to the initial stages of atherosclerosis. 42 In addition, HDL compositional alterations may account for the reported differences in the relationships of HDL-C and apo A-l with cardiovascular disease in adults. 6 ' 7 Kukita et al. 8 found that among normotriglyceridemic patients, the extent of angiographically defined coronary artery disease was inversely related to levels of both HDL-C and apo A-l, but that only apo A-l was related to disease in hypertriglyceridemic patients.
Because apo A-l levels are less influenced by levels of triglyceride than are HDL-C levels, apo A-l may be more stable overtime. The current results emphasize the importance of considering the interrelationships of the different lipid and lipoprotein fractions in the prediction of cardiovascular disease. 43 For example, even if triglyceride levels are not directly related to clinical disease, 44 they are important determinants of HDL composition. Because of metabolic interconversions of the different lipoprotein fractions, attempting to hold one variable constant while assessing the "independent" contribution of other fractions can be misleading. 45 
